Abstract. The aim of this study was to objectively evaluate the benefits of laparoscopically assisted vaginal radical hysterectomy and lymphadenectomy for early-stage cervical cancer. Clinical data were prospectively collected from patients with IA-IIB cervical cancer who underwent laparoscopically assisted vaginal radical hysterectomy (n1=33) and laparotomy (n2=30). Peripheral blood samples were obtained prior to surgery and at 1 and 2 h into the operation, as well as on days 1, 4 and 7 following surgery to measure serum interleukin-6, C-reaction protein and cortisol. Results showed that there was no conversion to laparotomy in the laparoscopy group. The average blood loss was 317.23±217.20 ml (laparoscopy group) and 872.58±693.16 ml (laparotomy group). No significant difference was found in the number of resected pelvic lymph nodes (19.74±7.43 in the laparoscopy group and 20.35±6.62 in the laparotomy group). At days 1 and 7 after surgery, the serum IL-6 level was significantly different in the laparoscopy and laparotomy groups (day 1: laparoscopy group 17.14±16.53 pg/ml and laparotomy group 34.32±20.97 pg/ml, p= 0.001; day 7: laparoscopy group 6.7±7.21 pg/ml and laparotomy group 17.54±16.47 pg/ml, p=0.001). The serum CRP level was significantly different at days 1 and 7 after the operation (day 1: laparoscopy group 7024.72±949.12 ng/ml and laparotomy group 7586.61±869.42 ng/ml, p=0.018; day 7: laparoscopy group 4357.71±2108.85 ng/ml and laparotomy group 6967.96±995.02 ng/ml, p<0.001). A significant difference was noted in the serum cortisol level at day 4 after the operation (122.29±65.17 ng/ml in the laparoscopy group and 186.76±68.61 ng/ml in the laparotomy group, p<0.001). In conclusion, the differences in clinical data and the various parameters pertinent to surgical stress evaluated in this study suggest that laparoscopic surgery for cervical cancer causes less postoperative stress than conventional open surgery.
Introduction
Laparoscopy has become an attractive approach in surgical treatment in gynecologic oncology. Various studies have been published demonstrating the feasibility and safety of this technique. Its main advantages over laparotomy are less blood loss and a shorter length of postoperative hospitalization and earlier recovery, with a substantial equivalence in terms of the number of lymph nodes removed. From these advantages, laparoscopy is considered to be minimally invasive surgery. However, few authors have objectively evaluated how invasive these two methods of surgery are.
This prospective clinical study was performed to evaluate whether the trauma is less in laparoscopic surgery compared to laparotomy when dealing with cervical cancer. The effects of proinflammatory cytokine interleukin-6 (IL-6), C-reactive protein (CRP) and cortisol were analyzed for the two groups. This study, therefore, evaluates the effects of laparoscopic and conventional cervical surgery on specific and non-specific responses following major abdominal surgery.
In this study, we aimed to evaluate the extent of surgical trauma after laparoscopic and open radical hysterectomy and lymphadenectomy by comparing the clinical data and examining serum values of IL-6, CRP and cortisol to clarify whether patients benefit from the laparoscopic technique and whether it is a minimally invasive approach. The patients were informed of risks and possible complications of the surgical procedure and provided written informed consent. The patients received a bowel preparation and a 3-dose antibiotic prophylaxis prior to the operation.
Materials and methods

Patient
Laparoscopic surgery was performed as a laparoscopically assisted procedure as described by other authors (1) (2) (3) . To minimize the risk of port site metastases, the lymph nodes were placed into a bag and removed vaginally at the end of the intervention.
Initially, ureteral bilateral stents were placed preoperatively, in order to facilitate laparoscopic ureteral manipulation and minimize the risk of ureteral damage. They were removed at the first clinical control 30 days after surgery.
The urethral catheter was removed 2 days after the intervention. Intermittent catheterization was performed three times a day until residual urine volumes of <50 ml were obtained at least twice.
Survival and outcomes. Follow-up consisted of a pelvic examination every 3 months during the first two years, three times a year from the third to the fifth year, and annually thereafter. TCT and HPV tests were performed every year. X-ray and CT were performed when necessary.
Samples and assays.
Peripheral venous blood samples were collected in EDTA collection tubes to be analyzed for cytokines IL-6, CRP and cortisol before surgery, 1 h and 2 h into surgery, and 1, 4 and 7 days after surgery. The samples were centrifuged at 4500 g for 10 min. Serum samples were separated into PE tubes and stored at -80˚C until analysis. Serum IL-6 and CRP were measured using commercially available sandwich enzyme-linked immunosorbent assays (ELISA kits) (R&D Systems, Minneapolis, MN, USA). The minimum sensitivity of the assays was 0.70 pg/ml for IL-6 and 0.01 ng/ml for CRP. The concentration of cortisol in serum was measured using a radioimmunoassay (RIA) kit (The North Biological Technology Co., Ltd., Beijing, China) with a minimum detectable level of 2 ng/ml. 2 , respectively (p= 0.159). The predominant histotype was squamous (25 patients in the laparoscopy group and 22 patients in the laparotomy group), followed by adenocarcinoma (6 patients in each group), adenosquamous (1 patient in each group) and other histotypes (neuroendocrine carcinoma in 1 patient in the laparoscopy group and clear-cell carcinoma in 1 patient in the laparotomy group). None of the patients showed MRI or CT evidence of lymph node involvement.
Surgical data. The surgical data are summarized in Table II . Operative time for the laparoscopy group was 202±39 min, which differed from the laparotomy group (128±28 min, p=0.05). The estimated blood loss for patients undergoing laparoscopy was 317.23±217.20 ml. This blood loss was significantly less than in the laparotomy group (872.58±693.16 ml, p<0.0001). Laparoscopy patients had an average of 19.74 nodes retrieved as compared to 20.35 nodes retrieved in laparotomy patients. The differences were not significant (p=0.712). The mean length of postoperative hospital stay was 11.72 days in the laparoscopy group and 16.42 days in the laparotomy group (p= 0.004).
Serum cytokine concentrations Time course of IL-6 serum levels in laparoscopic and conventional open surgery. Both laparoscopic and conventional open
surgery caused a significant increase in serum IL-6 levels 1 and 7 days after the operation (Fig. 1 ) and the maximum increase was found 1 day after the operation. A comparison between the laparoscopy and open surgery groups showed a significantly less pronounced increase of IL-6 in the laparoscopy group, which was most evident 1 and 7 days after the operation (p<0.001). Results noted were: pre-operation: laparoscopy 0.41±0.85 pg/ml and laparotomy 0.40±1.24 pg/ml, p=0.983; day 1: laparoscopy 17.14±16.53 pg/ml and laparotomy 34.32±20.97 pg/ml, p<0.001; day 4: laparoscopy 15.89±31.47 pg/ml and laparotomy 23.34±29.03 pg/ml, p=0.334; day 7: laparoscopy 6.7±7.21 pg/ml and laparotomy 17.54±16.47 pg/ml, p<0.001.
Time course of C-reactive protein serum levels in lapascopic
and conventional open surgery. Daily analysis of serum CRP values over the 7 days following surgery showed a significant increase after the laparoscopic and open procedures (Fig. 2) . This increase was significantly higher at days 1 and 7 in conventional surgery patients compared with laparoscopy patients (p=0.018 and p<0.001, respectively). Results noted were: pre-operation: laparoscopy 1796.30±1221.30 ng/ml and laparotomy 1365.30±929.57 ng/ml, p=0.123; 1 h: laparoscopy 1684.64±1330.09 ng/ml and laparotomy 1580.64±1126.57 ng/ ml, p=0.74; 2 h: laparoscopy 1889.53±1584.08 ng/ml and laparotomy 1905.52±1478.04 ng/ml, p=0.967; day 1: laparoscopy 7024.72±949.12 ng/ml and laparotomy 7586.61±869.42 ng/ml, p=0.018; day 4: laparoscopy 7855.67±975.20 ng/ml and laparotomy 8265.33±1310.99 ng/ml, p=0.162; day 7: laparoscopy 4357.71±2108.85 ng/ml and laparotomy 6967.96±995.02 ng/ ml, p<0.001.
Time course of the cortisol serum levels in laparoscopic and
conventional open surgery. A significant increase of circulating cortisol levels was observed after both laparoscopic and open surgery (Fig. 3) . This increase was significantly higher at 4 days after the operation in conventional surgery patients compared with laparoscopy patients (p<0.001). Pre-operation: laparoscopy 45.15±26.53 ng/ml and laparotomy 49.63±27.42 ng/ml, p=0.513; day 1: laparoscopy 66.13±54.15 ng/ml and laparotomy 86.96±70.85 ng/ml, p=0.192; day 4: laparoscopy 122.29±65.17 ng/ml and laparotomy 186.76±68.61 ng/ml, p<0.001; day 7: laparoscopy 106.50±53.31 ng/ml and laparotomy 116.87±59.49 ng/ml, p=0.468.
Discussion
Research has shown that laparoscopic radical hysterectomy is feasible and safe and induces less trauma due to less intraoperative bleeding, less postoperative pain, a shorter period of recovery and a shorter hospital stay, while the number of lymph nodes removed was almost equal to that shown in conventional open surgery (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Laparoscopically assisted vaginal hysterectomy has become the preferred approach for cervical cancer treatment. Experimental studies have shown that laparoscopic surgery has a low impact on cancer growth (15) (16) . Mounting evidence shows that cervical cancer recurrence and survival rates after laparoscopic surgery are comparable with those observed after laparotomy, despite the results of prospective randomized trials. Concomitantly, laparoscopy patients have better cosmetic results and quality of life.
In our study, the mean blood loss was found to be 317 ml (range 100-1000) in the laparoscopy group and 872 ml (200-3400) in the laparotomy group; a significant difference (p<0.0001). The mean operative time was 202 min (range 135-258) in the laparoscopy group and 128 min (range 117-149) in the laparotomy group (p=0.05). In their study, Renaud et al (17) reported that the operative time was 270 min (range 180-360) in laparoscopically assisted radical vaginal hysterectomy, whereas Spirtos et al (18) found the operative time to be 205 min. Recently, Puntambekar et al (19) reported that the operation time for laparoscopy has been reduced to 92 min (range 65-120). A standardized, reproducible procedure and a well-trained and skilled surgeon, together with a competent team, using open surgical techniques, should contribute towards this relatively challenging procedure.
Postoperative immune dysfunction is a factor for patients undergoing surgery for benign as well as malignant tumors as it affects the rate of infectious complications as well as the growth of disseminated tumor cells (20) . Particularly in patients with cancer, better preserved postoperative immunity may result in more favorable long-term oncological results. It was previously reported that the systemic immune response was better preserved after laparoscopic surgery as compared to after conventional surgery (21) (22) . The acute-phase response is a favorable indicator of tissue injury in patients (23) . Cytokines such as IL-6 and CRP are short-lived, and previous studies have shown elevated serum levels after infection, inflammation and trauma. Serum levels were found to peak 4 to 48 h after injury.
IL-6 is significant in trauma research as studies have shown that the increase in circulating IL-6 serum levels is almost proportional to the severity of surgery trauma. Moreover, IL-6 release may be used to evaluate the impact of injury in the early stages regardless of the injury pattern (24) (25) (26) . In recent years, more research has been conducted on other surgical procedures and their impact on the immune system (27) . Based on these results, this prospective clinical study was conducted to address the issue of potential differences in postoperative immunological alterations after laparoscopic and open surgery. The maximum increase of IL-6 in serum was found 1 day after the operation in the two groups, followed by a decline after 4 days. In contrast to certain studies in which no significant change was found in the CRP concentration between females undergoing laparoscopically assisted vaginal hysterectomy and those undergoing abdominal hysterectomy (28), we verified that there was a significantly less severe increase in serum IL-6 levels after laparoscopic cervical surgery. Our data are in accordance with those of previous studies (29) (30) , which reported that the serum concentration of IL-6 and CRP is significantly different in the laparoscopy and conventional surgery groups.
IL-6 is known to stimulate numerous immune cells and the synthesis of acute-phase proteins, including CRP. CRP is the prototypical acute-phase protein in humans and is a significant mediator of immune host defense (24) (25) (26) . Normal baseline levels of circulating CRP are low, but a many-fold increase may occur within hours of inflammation induced by infection or injury (29) . Serum CRP levels are elevated as a result of major surgery, but have not always reflected the magnitude of acute trauma after open and laparoscopic surgery since CRP is a non-specific marker of an acute-phase reaction (31) . Compared to the serum IL-6 levels, the maximum increase was delayed by 2 days in the two groups. However, the increase in serum CRP levels was found to be significantly less pronounced 1, 4 and 7 days after surgery in the laparoscopy group as compared to the laparotomy group, indicating a certain benefit for the minimally invasive procedure.
Cortisol is a glucocorticoid produced by the adrenal cortex in response to adrenocorticotropic hormone (ACTH). Cortisol is secreted with a circadian periodicity and peaks just prior to waking in the morning. The production of glucocorticoids is increased by stress; therefore, cortisol can be used as a biomarker of stress. Serum levels of cortisol were measured 1, 4 and 7 days after the operation. The daily comparison showed a significantly higher increase after open surgery, particularly at 4 days after surgery, suggesting that serum cortisol elastase levels reflect the body's stress after surgery, thereby indicating less pronounced tissue injury after laparoscopic cervical cancer treatment.
The difference in increase of IL-6, CRP and cortisol serum levels between the two groups may correlate to the difference in tissue trauma and surgical stress caused by the two different methods. However, the immune response may be caused by the underlying pathology. All of the patients in our study had cervical cancer, and the increase in IL-6, CRP and cortisol was equal, thus appearing to be independent of the underlying pathology. Although these substances are short-lived, their effect is believed to be much more sustained. However, their role in inflammation has yet to be thoroughly clarified.
From our study, it can be deduced that there is a significant decrease in surgical trauma in the laparoscopy group compared to the conventional open surgery group, especially on days 1 and 4. The significant differences between laparoscopic and conventional colorectal surgery patients regarding the release of CRP and IL-6 suggest a more pronounced proinflammatory response in patients undergoing conventional surgery. This observation confirms findings reported by Leung et al (32) , who detected significantly smaller peaks of circulating IL-1β, IL-6, and CRP levels in a group of 34 patients undergoing laparoscopic or conventional resection of rectosigmoid carcinoma. It is not clear whether these differences are immunologically relevant since a certain degree of proinflammation is required for the initiation of host defense mechanisms as well as for the activation of repair processes after tissue trauma (33) (34) . It is nonetheless accepted that an overwhelming inflammatory response to surgical trauma may ultimately lead to organ dysfunction (35) .
Findings of our study as well as previous ones, have demonstrated that serum IL-6, CRP and cortisol can be used to monitor surgical trauma. By using these parameters, the surgical trauma after laparoscopic surgery was found to be significantly reduced compared to that observed following the open procedure. After more than 20 years of research, a laparoscopically assisted vaginal radical hysterectomy can safely be performed and is comparable in terms of side effects, complications and patient trauma. This procedure not only involves less blood loss and a shorter postoperative hospital stay, but also less surgical stress. The rapid development of endoscopy and skillful operation of the surgeon and the fact that patients usually prefer surgery with better cosmetic results, laparoscopy is likely to become widely used. Consistent with the results of other studies, the results of this study demonstrated improved clinical recovery with laparoscopy, which was of benefit to the patients.
However, any form of radical hysterectomy; both laparoscopically assisted vaginal hystectomy and laparotomy, which are traumatic involves significant trauma and leads to an acute-phase response. Therefore, operations should be carried out carefully at every step in order for minimally invasive surgery to be less traumatic for patients.
